SAMPLE PREPARATION METHODS
Most analytical techniques used in the analysis of vegetable oils require a special sample preparation step. This step is especially important, since individual operations related to the preparation of samples cannot lead to changes in their composition (oxidation process, decomposition, introduction of contaminants, proportional changes in individual components). They should also provide the best recovery of the analysed components from the sample matrix and cannot introduce interfering substances. These techniques should also enable obtaining a representative sample for further analyses.
Preparation of samples for determination using chromatographic techniques
In the case of chromatographic techniques, some compounds are analysed with the use of gas chromatography (volatile and semi-volatile compounds), and others using liquid chromatography, but both techniques require different sample preparation methods. In the case of volatile compounds analysis using gas chromatography, a sample preparation step is often unnecessary, and the sample or the compounds isolated with the help of a syringe or a suitable injector are directly introduced into the chromatographic column. However, in the case of a more complicated matrix, certain measures are required to allow for the analysis of a specific set of compound groups.
Head-space analysis (HSA) is a fast, universal, sensitive method, which does not require the use of solvents and is economical. It is very useful for preparing samples for chromatographic analysis Snow & Snack, 2002] . It can be conducted both in static conditions (static headspace) as well as dynamically (dynamic headspace). Static headspace is based on an analysis of collected gas phase, which is in an equilibrium with the sample. In turn dynamic headspace, often also called "purge and trap" (PT), consists in the enrichment of the volatile components in a cold trap or on any sorbent during constant analytes collection with gas flowing over the matrix [Plutowska & Wardencki, 2007; van Loon et al., 2005] . The following fillings, earlier conditioned, are most often used as traps: Carbotrap-300, Tenax-TA or charcoal [Kanavouras et al., 2005; Zunin et al., 2004] . The attachment with the sorbent is most often connected to the gas chromatograph coupled with a mass spectrometer or a flame ionization detector (FID) [Povolo & Contarini, 2003] . Such an approach can be successfully used for the analysis of volatile compounds in edible oils with the aim of determining the level of their oxidative stability as well as their purity or even adulteration with other oils. The application of those methods enables successful detection of the residues of organic solvents sometimes used during the extraction of lipids and seeds .
In order to identify adulterations as well as to determine sources of origin of olive oils, Lorenzo et al. [2002a,b] used the HS-MS method. In the result of the analysis, one peak of the whole volatile fraction was obtained. The increase in the value of individual characteristic ions in that peak can be used for detecting compounds, which characterise the origin, source of adulteration or the oxidation process of the oil.
The proposed procedure is less expensive and faster than the traditional gas chromatography systems. In addition, it does not require earlier sample preparation or the use of organic solvents [Lorenzo et al., 2002a,b] .
Likewise, in order to monitor autooxidation of rapeseed oil, Jeleń et al. [2007] used Headspace -SPME directly coupled with mass spectrometry without the necessity of separating volatile compounds using gas chromatography.
Microextraction to the stationary phase was introduced as an alternative to dynamic headspace analysis. This rapid method, which does not require solvents, was developed by Arthur and Pawliszyn [Arthur & Pawliszyn, 1990; Pawliszyn, 1997; Pawliszyn, 2003] . It is based on analytes sorption process on a fused silica fiber covered with a sorbent, and then on their desorption in a heated gas chromatograph injector. Two methods are possible for analytes extraction using SPME: headspace extraction -HS-SPME and direct immersion extraction -DI-SPME. In HS-SPME, the fiber is placed directly in the headspace of a gas, liquid or solid sample. In the case of volatile component analysis from a complicated matrix with the aid of gas chromatography -mass spectrometry, the best extraction method is HS-SPME. The fiber is placed in the gaseous phase over the liquid or solid surface of a sample and is not in direct contact with the sample, because of which the fiber has a longer life cycle. In addition, the extraction time is significantly shortened and the risk of contamination with other sample components is minimal comparing to the purge and trap technique (PT) [Kalua et al., 2006] . In the case of analytes extraction using direct mode DI-SPME, the fiber is directly immersed in the sample, which significantly shortens its life cycle. DI-SPME is, however, a more sensitive technique than HS-SPME for less-volatile analytes. Yet HS-SPME characterised by lesser background than DI-SPME is more suitable for more volatile analytes in most of gas, liquid and solid samples [Kataoka et al., 2000] .
A version of this extraction technique is "in-tube SPME" which uses a segment of capillary column coupled with HPLC or LC-MS for extraction. Analytes extraction in the case of classic SPME occurs on the outer surface of the fiber, whereas in the "in-tube" technique on the inner surface of the capillary column. This is why in the case of "in-tube SPME", it is important to prevent column against clogging, and to maintain a constant flow by earlier removal of larger molecules from the sample by filtration [Kataoka et al., 2000] .
However, SPME, in addition to many advantages, has also some drawbacks. Difficulties appear when comparing results obtained from extraction on different types of fibers. An evaluation of the extraction efficiency of the fiber and its life cycle is also problematic. A signal generated by the volatile compounds from a specific fiber changes with the quantity of fibre applied, due to decreasing adsorption capacity [Kalua et al., 2006] . SPME is an easy technique for practical application in the analysis of vegetable oil samples. By determining the whole content of volatile lipid degradation products, both raw and refined oils can be characterised. This method enables also a quick differentiation of vegetable oils, an indication of their purity or adulteration with other oils, as well as Application of SPME requires a selection of suitable extraction conditions: time, temperature, mixing rate, and most of all, a suitable fiber. A thick fiber is more effective for the removal of less-volatile components from a sample matrix, but the thicker the layer of a fiber, the longer the desorption time. In addition, a possibility exists of carrying analytes over to the next extraction .
Based on studies performed by Jeleń et al.
[2000] and Kalua et al. [2006] , the best fiber for headspace extraction for volatile compounds originating from vegetable oil samples is a fiber covered with a Divinylbenzene/Carboxen/ Polydimethylsiloxane (DVB/CAR/PDMS) cross-linked polymer. Mixed DVB fibers are suitable for the analysis of volatile compounds because they diminish the discrimination of components caused by a difference in molecular mass. A CAR fiber shows a high sensitivity in relation to less-volatile molecules, whereas PDMS is characterised by high sensitivity towards non-polar components. Mixed DVB/CAR/PDMS fiber guarantees a high linear concentration range of the analysed components and a low detection limit, which makes it the best out of current, commercially available fibers meant for analysing volatile components of vegetable oils, such as olive oil or rapeseed oil [Jeleń et al., 2000; Mildner-Szkudlarz et al., 2003 , Kalua et al., 2006 . The CAR/PDMS and DVB/CAR/ PDMS fibers are very useful for the isolation of sulphur compounds from a sample, especially methanethiol .
In the case of less-volatile components, the possibility exists of derivatisation of the sample on the fiber by extraction of the derivatisation agent, and then the components of the analysed sample, or vice versa [Stashenko & Martinez, 2004; Plutowska & Wardencki, 2007] . The process of direct derivatisation on a fiber additionally shortens the time of individual analyses . Figure 1 presents a comparison of results obtained using headspace analysis and solid phase microextraction (SPME). Both methods are characterised by similar detection sensitivity, and the same number of separated peaks. Yet in the case of SPME, higher, thinner and better separated peaks are observed, which means that this technique is characterised by better selectivity, efficiency and separation in comparison with HSA.
Sample preparation for analyses with liquid chromatography and other instrumental techniques
The sample preparation step for samples to be analysed using liquid chromatography is usually very similar to sample preparation for spectroscopic methods, therefore these techniques will be discussed together.
In order to isolate analytes from a vegetable oil sample, extraction is very often conducted with the use of organic solvents or through saponification. During liquid-liquid extraction, a few different types of solvents are sometimes used, chosen according to the rise in polarity of the extraction agent [Romanik et al., 2007] . Because of the use of various solvents, different fractions can be obtained for the same sample (e.g., non-saponified and saponified fractions). In this way, one sample preparation step may provide analytes for analysis performed using various instruments (HPLC, GC, spectroscopic techniques). A disadvantage of this technique is the use of often toxic organic solvents, which increases the cost of analysis and pollution of the environment. This is the reason why for many years, studies have been ongoing with the aim of developing new techniques that would allow to significantly reduce the amount of solvents or even to eliminate or replace them with compounds which are less toxic and harmful to the environment, such as ethyl alcohol.
The solid phase extraction technique (SPE) has become popular because of the significantly limited amount of organic solvents applied. It is based on the adsorption of sample components on the surface of a solid sorbent placed in a glass or propylene columns or closed in extraction disks. Next, the adsorbed components are gradually rinsed out of the sorbent with the help of a small amount of appropriate solvents. This technique has many advantages, such as a reduced amount of organic solvents used in comparison with the liquid-liquid extraction. Furthermore, neither emulsions nor foams are formed during extraction, which is often observed in the case of liquid-liquid or gas-liquid extraction. The technique allows for the extraction, enrichment and also elimination of interfering substances in samples containing both volatile and non-volatile analytes. A disadvantage of this technique is incomplete analytes recovery [Camel, 2002] .
Another, less commonly applied oil sample preparation technique is supercritical fluid extraction (SFE). Most often used extraction reagent in this technique is carbon dioxide because of its low cost, low toxicity and preferred critical parameters (T c =31.1ºC, P c =74.8 atm). Because CO 2 is a nonpolar compound, it is frequently used for the extraction of low and medium polar compounds with high volatility. In order to extract polar compounds, a CO 2 mixture with modifiers (polar solvents) is used. The main benefit of this technique is reduced usage of organic solvents, short extraction time, possibility of automatization and a small amount of samples needed for extraction [Romanik et al., 2007] .
ANALYTICAL TECHNIQUES USED IN OIL ANALYSIS Gas and liquid chromatography
The most frequent and most popular techniques used in the analysis of vegetable oils are gas and liquid chromatography with different detection systems. The combined techniques are also often used, with the sample first undergoing separation with high-pressure liquid chromatography, and then the resultant fractions being analysed with the use of gas chromatography Table 1 lists examples of chromatographic techniques used for the analysis of individual component groups present in vegetable oils.
Scanning calorimetric techniques
A relatively new method, pressure differential scanning calorimetry (PDSC), has found application in the analysis of fats and oils, and especially oils with high oxidative stability, for which traditional analytical techniques are time-consuming and laborious. The specific heat of a vegetable oil is determined with the aid of a calorimetric technique, depending on its components and composition of fatty acids. A knowledge of the specific heat of a given oil is very useful during long-term oil storage in order to evaluate the transformation a given sample has underwent [Santos et al., 2005] . With this technique, one can determine the oxidative induction time (OIT) of oils, by exposing them to high temperatures or pressure in the atmosphere of pure oxygen. OIT value indicates a good correlation with the oil stability index (OSI). A regression analysis of data allows for identifying a relationship between temperature and OIT in the form of equilibrium for every kind of oil [Kodali, 2005] . This analysis is possible when the oxidation process is an exothermic reaction, and the measurement of the released heat allows applying the differential scanning calorimetry (DSC) in the case of these analytes [ Simon & Kolman, 2001 ]. Conducting a process of accelerated oxidation under non-isothermal conditions is important because of the similarity of the process to domestic conditions, where oil is exposed to different temperatures. An analysis of the increase in the oxidation temperature with the increase in the heating level under non-isothermic DSC conditions allows for the indication of the kinetic parameters of the oxidation process of oils [Simon & Kolman, 2001 ]. The melting and freezing curves obtained using DSC can serve for the evaluation of quality, geographic origin as well as storage conditions of the analysed oils [Angiuli et al., 2006; Tan & Che Man, 1999] , as they are very sensitive to the presence of other compounds in lesser quantities in a sample matrix, often indicating the ageing process or illegal additives. They can also be used to discover adulterations of oils with less expensive oils, and also to evaluate the quality of olive oil (whether it was mixed with oil that was refined, filtered or renewed) [Ferrari et al., 2007] . A calorimetric method proposed by Ferrari et al. [2007] for indicating olive oil adulterations is easy, fast, inexpensive and allows for conducting tests in commercial conditions [Ferrari et al., 2007] .
The quality and origin of olive oil can also be determined using other calorimetric techniques, such as high sensitivity isothermal calorimetry (TAM) or modulated adiabatic scanning calorimetry (MASC) [Angiuli et al., 2006] . Modulated calorimetry provides information regarding the reversibility of processes and the polymorphic crystal structure. Each of the mentioned calorimetric techniques can be applied for vegetable oil analysis. DSC allows for a differentiation of olive oil from other vegetable oils. TAM analysis is time--consuming, but allows for determination of such parameters as induction time (IT) and enthalpy of freezing (H), Abbreviations: HPSEC -high-performance size-exclusion chromatography, GPC -gel permeation chromatography, MLC -micelar liquid chromatography, PED -pulsed electrochemical detector, EASI -easy ambient sonic-spray ionization, AC -adsorption chromatography, RPLC -reversed phase liquid chromatography, SDE -steam distillation-solvent extraction, DSH-TD -dynamic headspace thermal desorption, TAGs -triacylglicerols, TOF -time of flight, FFA -free fatty acid, BHT -butylated hydroxytoluene, MS -mass spectrometry, GC -gas chromatography, TLC -thin layer chromatography, HPLC -high performance liquid chromatography, LC -liquid chromatography, SPME -solid phase microextraction, SPE -solid phase extraction, FID -flame ionization detector, ECD -electron capture detector, FD -fluorescence detector, DAD -photodiode array detector, UV -UV detector, TCD -thermo conductivity detector.
which are unusually sensitive towards defects and the source of origin of olive oil. On the other hand, modulated calorimetry with a modulated temperature and work in an adiabatic system widens the analytical possibilities to detailed studies of the crystallization process, as opposed to the remaining two calorimetric techniques [Angiuli et al., 2006] . Among the benefits of calorimetric techniques, apart from a short time of analysis, a few other advantages should also be mentioned, such as the small amount of samples needed for analysis and the minimal step of their preparation, as well as a lack of toxic solvents and other chemical compounds [Tan & Che Man, 1999] .
Nuclear magnetic resonance (NMR)
Considering the demands of contemporary analysis, where the time for conducting a single analysis, as well as the amount of sample needed for analysis, the lowest detection limit and the easiest application of the method are important, the benefits, possibilities and limitations of high--resolution nuclear magnetic resonance (NMR) should be discussed. Complex vegetable oil samples often require laborious, time-consuming methods for explicit classification, they additionally require suitable sample preparation steps for analysis with the use of large quantities of toxic organic solvents. An alternative technique is spectroscopy, specifically NMR. Both 1 H and 13 C NMR enable simultaneous analysis of different components present in vegetable oils [Hidalgo et al., 2002; Khallouki et al., 2008] . The NMR spectrum delivers much information obtained during a short analysis with a short or even no sample preparation step. Different signals present in the NMR spectrum deliver two types of information regarding chemical changes and their intensity in analysed samples. The first delivers qualitative data and is related to different atoms present in samples, whereas the second delivers quantitative data, which allows for a good characterisation of the oil and opens a wide field of application for this technique [Hidalgo & Zamora, 2003] .
One of the first applications of NMR for the analysis of vegetable oils was the determination of fatty acid composition, with the aim of determining oil authenticity. However, with better techniques applied to analyse adulterated oils, quantitative analysis becomes more important, and in the case of NMR, appears in the form of the intensity of a specific peak, which is characteristic for a specific oil [Hidalgo & Zamora, 2003 ].
Using differentiation analysis and 13 C NMR data from the olefin group, the majority of adulterations with other vegetable oils, which can be met in olive oil, can be determined [Alonso-Salces et al., 2010; Smejkalova & Piccolo, 2010] . Similarly, analysing the whole spectrum or 1 H NMR data, genuine oil can be differentiated from those with even 5% added hazelnut oil, which is the hardest adulteration to uncover [Zamora et al., 2001; Mannina et al., 2009] . The geographic region of origin can also be determined, as well as the type and quality of the oil (extra virgin, virgin, olive oil) [Shaw et al., 1997] . 13 C NMR analysis can be a powerful tool for evaluating the oxidative stability of oil samples which earlier underwent the process of chromatographic enrichment. Minor components, which were concentrated using the triacylglycerols fraction elimination step with the use of liquid chromatography [Hidalgo et al., 2002] .
Similarly, the application of coupled 1 H NMR and 31 P NMR as well as multidimensional statistical analysis allowed for the classification of 13 types of vegetable oils, and enabled the discovery of adulterations of olive oils with these oils at a 5% level. It was feasible because of the quantitative determination of 1,2-diacyloglycerol concentrations for the entire content of diacylglycerol in the analysed samples [Vigli et al., 2003 ].
Near infrared spectroscopy (NIR), Fourier transform infrared spectroscopy (FTIR) and Raman spectroscopy Spectroscopic techniques are widely widespread in the analysis of basic food components. They have also become popular in the analysis of vegetable oils because of their benefits, which include: rapidity, directness, relative cost-effectiveness, and usually no need for sample preparation [Beaten et al., 2001] . Near infrared spectroscopy (NIR) was used to indicate tocopherols in vegetable oils as an alternative to HPLC. Samples, similarly to liquid chromatography, were extracted with an organic solvent (ethanol). Results of the precision determination (RSD) and accuracy obtained by Szłyk et al. [2005] are comparable with the standard HPLC method, in addition, this technique allows to perform a single analysis in a very short time (1-4 min), which argues in favor of technology NIR used in routine analysis of tocopherols in vegetable oils. In order to compare both methods, oil samples were prepared in exactly the same manner, and then tocopherols extracted with ethanol were analysed by HPLC (identification based on comparing retention time with the standard) and NIR (spectrum-based identification). The correlation coefficient for both methods was very high, i.e. R 2 = 0.9989 (n=8). The proposed method does not require the use of toxic organic solvents (ethanol extraction), and the cost of the instrument is essentially lower than in the standard HPLC method.
The discussed technique, in connection with chemometric analysis, has also found application in the direct determination of acidity and peroxide index screening in vegetable oils. This is possible because a single analysis takes less than 30 s and does not require earlier sample preparation for analysis [Armenta et al., 2007] . Oil samples were scanned within a range of 4,000 to 12,500 cm -1 at a temperature of 30ºC, and then the spectra obtained were evaluated using chemometric analysis. Liescheski [1996] found a correlation between the adsorption intensity with bonded vinyl C-H and the relation of the vinyl bonded C-H and symmetric CH 2 bond and the iodine value, which describes the saturation level of vegetable oils. The absorption relation of the two mentioned bonds indicates a correlation coefficient of an even 0.995 with the iodine value, determined in accordance with the standardised method [Liescheski, 1996] .
NIR, thanks to its low cost and short time of individual analysis, has also found application in the discovery of camellia oils adulterations with soybean oil [Wang et al., 2006] , as well as at the differentiation and classification stages of vegetable oils [Yang et al., 2005] . Using mid-infrared (IR) spectroscopy the detection limit of extra virgin olive oil adulteration was determined as 5 % for corn -sunflower binary mixture, cottonseed and rapeseed oils [Gurdeniz & Ozen, 2009] .
Similarly, it is hard to detect, using traditional methods, adulterations of olive oils with hazelnut oil, which can be determined using near-infrared spectroscopy, Raman spectra or Fourier transform infrared spectroscopy (FTIR) Another important question in the analysis of oils is their oxidative stability. Guillen & Cabo [1999] developed a respective method which is based on Fourier transforms infrared spectroscopy (FTIR), and assumes that frequency changes in specific bonds allow for the differentiation of stages of the oxidation process and determination of the oxidation level of the analysed oil sample. The proposed method is fast, easy and precise [Guillen & Cabo, 1999] . Moreno, Olivares, Lopez, Adelantado and Reig [1999] also conducted similar studies to determine the influence of heating vegetable oils on the changes in oxidation levels and the emergence of trans isomers of fatty acids [Moreno et al., 1999] . Van de Voort et al. [2008] also determined the content of trans isomeric fatty acids in vegetable oils, on the basis of a method developed based on the FTIR technique. They concluded that after applying two-dimensional correlation analysis, the fast and precise FTIR method for determining trans isomers in fats and oils could also compete with gas chromatography [van de Voort et al., 2008] . For quantitative and qualitative determinations of trans isomers undergoing the hydrogenation process in vegetable oils, a combination of Fourier transform and Raman spectroscopy technique proved to be useful [Johnson et al., 2002] . Two-dimensional analysis connected with FTIR and FT-Raman was also used by Muik et al. [2007] in order to trace the lipid oxidation process in vegetable oils. The FTIR technique enables also the determination of the peroxide value (informing of the primary oxidation products). This method is based on a rapid reaction of triphenylphosphine with hydro peroxides present in oil samples, resulting in the emergence of triphenylphosphine oxide (TPPO), which displays absorption at 542 cm -1 [Yu et al., 2007] . However, when analysing the primary spectra in infrared for absorption of the bond between carbonyl (1740 cm -1 ) and the double carbon-carbon bond (1651 cm -1 ) a quick determination of the iodine value is possible, characterised by the content of unsaturated fatty acids in oils [Hendl et al., 2001] . Similarly to other procedures of determinations with the use of infrared spectra, in this case there is also no need for sample preparation for analysis. In addition, the automated FTIR technique, with the use of an auto sampler, allows conducting even 90 analyses within one hour. Such an automated technique was used for the determination of free fatty acids in vegetable oils. The identification of fatty acids is done on the basis of absorption of the carbonyl group (1573 cm 
CONCLUSIONS
Based on the collected and presented literature, it can be concluded that there is constant development of new analytical methods for vegetable oil analysis. Asides from traditional, normalized methods, new methods are appearing which use modern instruments, which are partially or fully automated. Most often their main advantage is the simplicity of performance and short times needed for individual analyses. Such methods include chromatographic techniques, which are very popular techniques in vegetable oil analysis. Very promising techniques with a great potential are spectroscopic techniques, especially near infrared spectroscopy (NIR) coupled with different techniques. Also nuclear magnetic resonance is gaining better recognition, being initially a technique, which was not easily accessible and considered as very expensive. Newly developed methods, however, require further studies and the development of methods that would enable using one instrument for the determination of compounds from different groups. A constantly increasing pressure from consumers and competition on the market also require new methods to be developed, which can be characterised by low limits of detection and quantification, and also high precision and accuracy of the results obtained. 
